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in their diet or environment which might be responsible for it. This change was a remarkable diminution in the number of "return" cases, i.e., once they had had dental treatment there was but little subsequent treatment for dental caries needed during their stay at the institution.
At first this was attributed to the calcifying vitamin D, which is contained in small amount in milk, but experience at C, where cod-liver oil (with its larger vitamin D content) is freely used, did not confirm this, as here there is a great deal of " return " work. Milk at C is delivered pasteurized and is not a regular item in the children's diet throughout their entire stay, but all the younger ones, and such older ones as are subnormal in physique or otherwise, are given extra milk.
There are at C fifteen of these older children who are subnormal in physique, they have had 12 oz. of pasteurized milk daily during school term, since admission; the details of their increase of caries are as in Table I . 20 of these cavities are in the second permanent molars, which erupt during the thirteenth year.
The fifteenth child was the only one with no caries at admission and has none now.
There are also at C, another eight of these older children who, in addition to 12 oz. of pasteurized milk have had cod-liver oil (Evans, Lescher and Webb's " Special ") daily during school term since admission: the details of their increase of caries are as in Table II . The two children with no increase were the only ones with no caries in permanent teeth at admission.
The three children in Tables I and II who have no increase in caries are the only ones of these twenty-three children who were caries-free on admission,' at which time they were aged 7#r, 8 and 10Q years; they are now aged respectively, 10s, 15i and 14A years; it would seem, therefore, by comparison that whatever determined their freedom from caries was something that happened before they came to C, and so quite early in their lives.
It might be thought that a high degree of calcification of the enamel, such as is said to be caused by vitamin D, would be a protection against dental caries, but clinical and histological examination of many teeth under normal and pathological conditions amply demonstrates that a high degree of calcification is in itself no protection, as in the highest degrees of calcification I have seen, dental caries was present.
There is also the evidence of J. W. Field [3] of the Malayan Medical Service concerning people who work with large areas of their bodies exposed to direct sunlight with the resultant formation of vitamin D, by its action on the ergosterol content of the skin. He compares the incidence of caries in Chinese and Tamil coolies working in the same district, "most Chinese coolies work stripped to the waist for eight or more hours a day exposed to powerful solar irradiation," yet, on comparing two groups of coolies taken without selection, he found: Concerning this also, F. William Fox [4] of the Biochemical Department, South African Institute for Medical Research, writes: "Bright sunlight is available almost every day of the year to irradiate our skin and the food we eat. It is difficult to believe that there can be any deficiency of vitamin D especially when we find that rickets is almost unheard of. In spite of this, however, dental caries is unfortunately only too common; in the opinion of some authorities the incidence is at least as great as, if not greater than, in England. Moreover it is not confined to the European. Although the fine teeth of the Bantu are proverbial, investigation has shown that dental caries is by no means uncommon, even among the native children, whose life in the kraal might almost be described as a perpetual sun bath. " Again, G. Friel and Professor J. C. Middleton Shaw [5] of the Department of Dentistry, University of Witwatersrand, Johannesburg, South Africa, write: "In Johannesburg we are favoured with a large amount of sunlight and, owing to our altitude the intensity of the ultra-violet rays is greater than at lower altitudes. The actual figures given by Osborn [6] are that, of the active rays given off by the sun, provided there are no clouds, 26 % reach the earth in England, 43 reach the earth on the high veldt, e.g., Johannesburg. But in addition, the sun only shines 29 % of the total possible in England as against 73 % in Johannesburg. Taken all together, Osborn estimates that if the actinic rays in England are estimated by one, we in Johannesburg have ten." Yet they record that of 600 white children aged from 6 to 16 years, 93 33 % had carious teeth, the average being 4*82 carious teeth each.
A. T. Till [7] writing of native children, says they "live in a country that is rich in sunshine, and as they wear very little clothing the rays from the sun play directly upon their bodies," and records that of all ages up to 15 years, taken together, 68 -9 % have caries.
Even if the extreme of difference in the incidence of caries, as recorded by these last three observers, between white and native children in South Africa be ascribed wholly to exposure to sunlight, it still leaves the incidence at approximately 69% in spite of the small difference in the age range. In view of what follows one cannot but think that the 24 % reduction in the incidence of caries in these Swazi children is due rather to their longer period of maternal feeding, but that similar food was not continued long enough for their efficient protection. THE 
INVESTIGATION, THREE CONTROLS, FINDINGS AND REMARKS THEREON.
I had therefore to reconsider my views concerning the relative absence of " return" cases at B, and arrived at the following tentative hypothesis: That possibly such balance of vitamin content as is in raw milk, in conjunction with the calcium in it (which may be in a particularly suitable form), may be the cause of the diminution of "return " work; these acting, not so much by causing a higher degree of calcification as by providing simultaneously calcium salts of a more stable, resistant, assimilable or ideal form for deposition in the forming enamel. Now it is a fact that a very high percentage of the incidence of caries occurs in those deciduous and permanent teeth the enamel of which is actively laid down, and in some cases fully calcified during the first four or five years of life, so that it is highly desirable that a supply of suitable calcium salts and vitamin balance and efficiency should be available at that period for the ideal deposition of the forming enamel. It is also true, except in such teeth as are protected by their non-retentive shape, that the incidence of caries is, generally speaking, progressively less in the teeth, deciduous and permanent, in the order of their eruption: and it is also true that during the earliest portion of this period, "hand feeding" and faulty dietary are most apt to occur. Progressively with its age the child exercises choice in its foods, the rate of enamel deposition is slowed down, and the incidence of caries in the teeth then forming becomes less. These facts, coupled with the observations at B, prompted an inquiry concerning the possible effects of a daily ration of raw milk commenced during the first twelve months of life.
That age was selected because relatively few children are now breast-fed, and under normal conditions raw milk is the physiological food of a child during that period. Moreover, it is a period previous to the eruption of the deciduous molars (in which the incidence of caries is very high), and also when the first permanent molars are forming, and in these the incidence of caries is higher than in any other of the permanent teeth.
I thought that if diet could influence the structure of enamel so as to make teeth more resistant to caries, it would have to effect that influence while they were developing, and that but little change could be effected as they approached completion: though, of course, a tooth is not completed in form till a few years after eruption, and I have shown [8] that the calcification of enamel is continued for a still longer period after eruption. One regarded a tooth as one regarded the child as a whole, in that faults produced in its construction by trophic errors were probably permanent, or only likely to be slightly affected by conditions of trophic perfection introduced as development approached completion. I therefore investigated the incidence of caries in children who conformed to these conditions, but as the deciduous dentition is not fully erupted till about the end of the second year, children under 2 years of age were not taken into account. At A, and two different branches of the same organization, I was able to find three groups of such children as follows:
Group I.-Four children of an average of 5-r years, who commenced raw milk at an average age of 9 months. Group II.-Nine children of an average age of 3A years, who commenced raw milk at an average age of 2 months. Groutp III.-Twenty-four children of an average age of 3A3 years, who commenced raw milk at an average age of 5 months.
In addition, I have obtained information from competent observers of three other cases of an average age of 9 years, so that I am now tabulating forty cases of an average age of 4 years.
Admittedly this number is small to generalize on, but even so, the findings are remarkable, as in no case was there a trace of caries: two children had " dead " maxillary first incisors, caused by trauma, one of these had been removed; another had lost a premolar for orthodontic reasons; apart from these none had been removed. Details are as in Table III.   TABLE III. Commencing raw milk before 12 month8 of age. Present ages range from 2? to 7V years in thirty-nine instances, the fortieth is aged 19A6 years. In Groups I and III there are, in addition to the children already tabulated, 33 others, who similarly receive a daily ration of raw milk, but were over 12 months old when they commenced it; their average age at commencement was 1 9 years, and the latest age at which any of these commenced it was 27 years, their average age is now 4 years.
One expected to find some carious teeth in these children, notably so in the deciduous first molars, which erupt at the age of 12 months, but 26 of them had no trace of caries; the remaining seven had 14 carious teeth, eight of which were deciduous first molars and two incisors, which erupt still earlier; a deciduous second molar was carious in one child who did not commence raw milk till aged 2A years;
it is highly probable that these 11 teeth were already carious before raw milk wa's commenced. Two other children had one and two carious deciduous second molars respectively, concerning these a note appears later. Details are as in Table IV . ... 14 teeth in 7 children* (11 of these teeth were erupted before raw milk was started).
It was evident, therefore, that teeth which had erupted, but were not fully formed when raw milk was commenced, were brought under its influence.
I thus had the amazing experience of examining 70 children consecutively, of whom 63 were totally free from dental caries; there were, in additlon, the three cases I did not myself see, so making a total of 73 children examined.' There are several points of interest concerning Groups II and III. Notable points in their dietary are: In Group II, breakfast consists of oatmeal porridge or bread and milk: at dinner they get a constant ration of milk pudding or custard. White bread only is used. In Group III breakfast consists on alternate days (except Sundays) of oatmeal porridge or quaker oats; at dinner, on five days in the week they get milk puddings, this meal always terminates with the giving of one or two " boiled " sweets. White bread only is used. Milk is delivered here twice daily from a local farm where the cows are tuberculin tested, and is given to the smaller children warmed; in the case of very young children it is diluted, sweetened, and citrated, so as to approximate the maternal secretion. It will be noted that the dental errors of refined and lodgable carbohydrate foods, both starches and sugars, and the supposed error of oatmeal are freely committed, but, in Groups II and III, and the three additional cases, in the 58 children tabulated (Tables III and IV) , there is freedom from dental caries in all teeth erupted since raw milk was commenced. At A, B and C, there has always been a small weekly raw fruit ration, and some is also given to each of the different groups tabulated. Another remarkable feature is that all of the 24 children in Groups I and II and two-thirds of the 46 children in Group III were subnormal on admission; these subnormalities consisted chiefly of gastro-intestinal disturbances and rickets; both of these conditions are notorious for causing abnormalities in the structure of calcified dental tissues believed by many to favour the incidence of dental caries. All the children in Groups II and III live I Incidentally I also saw 25 children under 2 years of age where Groups II and III are stationed, these too are on raw milk; there was no trace of caries in any of their teeth. There is a total of 63 children at the branch where Group III is stationed, aged up to 5? years, two of them have two carious teeth each, these four teeth were erupted before admission. Among the total of 17 children at the branch where Groiip II is stationed, aged up to 5 years, there is no incidence of dental caries. in the open in loin-cloths, provided the weather is suitable, and rickety children only receive cod-liver oil at first' as required.
In order to check further the accuracy of this hypothesis, I decided to examine children who had not come under the influence of raw milk till a later age, and to note the effect on the teeth then forming, for comparison with those which bad already been in use for some years and were uninfluenced by previous similar treatment.
At B, therefore, I examined all boys admitted at under 6 years of age between 1925 (when the raw milk ration was started) and the end of 1928. Owing to faulty environment and feeding before admission, well over 50% of the boys at B are subnormal physically, and in many cases this is marked. The object of this control was to see what effect would be found in the first permanent molars, which erupt during the seventh year-this tooth being notoriously liable to become carious.
There were only 27 boys who conformed to these requirements, as B has a very floating population, and many are boarded out or sent to other training centres; in addition, one other is known to me. Of these 28, commencing raw milk at an average age of 4A years, and now of an average age of 810 years, 27 had no trace of caries in their first permanent molars or any other of their permanent teeth, two of them had extreme degrees of " hypoplasia," and two others had slight degrees; most of them had, or had had, carious deciduous teeth, up to nine, still present in one mouth, and one, admitted at 5" years, and now aged 10, had stained fissures on both mandibular permanent molars. Where the cavities in the deciduous teeth had become more or less self-cleansing from food debris, spontaneous arrest of caries had usually occurred, but not otherwise.
The 28th boy is an interesting exception. He was admitted under the organization controlling A and B, aged A year, and had raw wnilk from then till age 3A years; from then, till 4{w, he was continuously in a hospital where the milk supply is delivered pasteurized, for surgical treatment for talipes varus, and did not again start raw milk till age 5A8 years, but has had it uninterruptedly since; his present age is 10 years; his maxillary first permanent molars were symmetrically and extensively carious on their medio-occlusal aspects-not the most usual aspect for his age, particularly as the adjacent deciduous second molars were caries free, as was also his full complement of other teeth; the enamel adjacent to the cavities has a very distinct appearance of faulty development, but not what is ordinarily understood by hypoplasia-it is opaque and yellow. I have no knowledge at what age these teeth erupted. This control examination is of the greater value, as exposure to sun (other than what is ordinary and conventional) and the use of cod-liver oil were absent.
Details are as in Table V . 
... 2 carious maxillary first permanent molars in 1 boy
In these boys of Table V , a curious and apparently paradoxical occurrence may not infrequently be seen; it is, that new carious cavities may appear in the unprotected deciduous teeth, while the protected permanent teeth are unaffected; to quote one case: a boy started raw milk at age 3A years, when first seen at age 6fr7 years he bad six cavities in deciduous second molars and was, at this early age, erupting his permanent molars and incisors; at about age 7A years he presented three new cavities in deciduous teeth, he is now aged 8A years, but has no trace of caries in any of his permanent teeth.
The boy discussed previously, who spent so long in hospital, presents the converse of this paradox, as his deciduous teeth (all his deciduous molars are present) were protected, but apparently his maxillary first permanent molars escaped protection, possibly his prolonged stay in hospital had something to do with this.
Thus, in the 101 children (Tables III, IV and V) who had conformed to requirements and most of whom were subnormal, presuming that the dates of eruption of their teeth were normal: of the teeth erupted since raw milk had become a part of their daily diet, five only, in three children, were carious. Of these three children: one, the boy who spent a prolonged period in hospital, has already been referred to: another, a girl in Group I, admitted at age 1A years, "soon [9] after .was admitted to hospital 1 and for nearly two years was in and out with whooping-cough, acute bronchitis and measles at different times"; she is now aged 6 ' years and has a small carious cavity on the occlusal aspect of a deciduous second molar. The third child, also in Group I, was admitted aged 1V years, is now aged 8A' and has two carious deciduous second molars. I am asstured that she had raw milk "except [9] in the very hot weather when it has to be scalded to keep it from turning sour and in the winter . . . hot .
. on going to bed and before going to school in the morning"; as she was admitted in the winter it is uncertain at what age she really commenced raw milk, whether before or after the eruption of the teeth affected, in any case she has not had it very consistently, each tooth has a very small medio-occlusal cavity; caries, however, is not active but has become spontaneously arrested. A further control was then done at a still later age, and all boys at B, admitted before the completion of their eleventh year, and now aged 13-1 years or over, were examined. The object was to see what effect would be found in the second permanent molars, which erupt in the thirteenth year, when raw milk was commenced at an age at which it is no longer a physiological food. There were 44 such boys, the details of their examination are as in Table VI . One is brought, then, to consider what the effect of raw milk on the structure of enamel may be and how it is caused. G. V. Black [10], after exhaustive inquiry, stated his conviction that "neither the density nor the percentage of lime salts, nor the strength, is in any degree a factor in predisposing the teeth to caries or inbibiting its progress." I have always thought that the important point is not the percentage of lime salts in the enamel so much as their stability, or the stability of the compounds which they form with the organic matrix; this is impressed on one because some animals, though they have relatively large channels in the " tubular " enamel of th3ir teeth when newly erupted-and hence presumably a lower percentage of calcium content-yet seem to be as immune to caries as most other animals, even in a state of captivity. Dentine, too, with its much lower calcium content, becomes exposed by the process of attrition on the occlusal surfaces of the teeth of nearly everybody as they approach middle life, but it does not become carious. Now, practically all children get a considerable milk ration during the first three or four years of life, but it is almost universally sterilized by boiling or pasteurized, both on account of the fear of infection with bovine tubercle and because it then keeps longer. These processes are believed to have no effect on the vitamin D content or salts present in milk, and to affect the protein to a small extent only; both boiling and pasteurizing, one knows, can destroy or alter the antiscorbutic principle, so that [i1] " if very young children on an exclusively milk diet be given boiled milk alone, in a certain number of cases scurvy results." It is possible that other of the vitamin content may also be altered or destroyed by this means.
Boiling and pasteurization, then, by destroying or altering part of the vitamin content of milk, upset the vitamin balance and/or may in some other way so affect
it as to bring about the deciding factor as to whether enamel shall prove resistant to caries or not. There is, too, the possibility that fresh raw milk may be a more vital1 element than we are at present aware, as physiologically it passes direct from donor to recipient at body temperature, which is not a common procedure. The possibility also suggests itself that, dependent on their source, there may be different properties or strains of what are at present thought to be identical accessory food factors, and that some may have selective powers for building certain tissues. In any case, whenever a child is hand-fed, unless raw milk is given there is necessarily an unnatural balance of vitamins, and possibly other things, in its food over a prolonged period, coincident with the calcification of those teeth which later on show the greatest incidence of caries. It is a well recognized fact that the teeth of primitive races show a smaller incidence of caries than those of civilized races, and that that smaller incidence is increased as civilization advances; it is also true that the women of many of these races suckled their children for from one and a half to three years, and in some cases considerably longer,2 though it is believed by many that this was done partly with the idea of delaying the next pregnancy. With the coming of civilization this custom is apt gradually to fall into abevance, -though usually not till after their foods include those of civilization, some of which are known to be caries producing; it is probable that these factors together are responsible for the increased incidence of caries which invariably follows the advent of civilization. Perhaps Maoris and North American Indians are as good an example of this happening as one can find.
Concerning the former, Pickerill [12] records caries as being present in 2 only 1 " The newly born infant of a mother who has had measles previously is immune to attack, and this immunity . . . . lasts for two months absolutely and for four or five months relatively. If the child is breast-fed the duration of immunity, absolute and relative, is two months or so longer there is reason to suppose that small amounts of antibody pass in the maternal milk."-Gunn, William, "Practical Aspects of Measles," The Practitioner, vol. cxxviii, p. 22 (1932) . " It has been found by numerouis workers that the number of bacteria in freshly drawn milk tends to decrease during the first few bours, wben estimated by the total plate count. The apparent bactericidal power is active for a short time at 370 C., while at 15°C. the action is less marked, but more prolonged. The action appears to be specific for certain organisms in each sample of milk, but the milk from different cows affects different organisms. The apparent bactericidal power is destroyed by heat. A part of the reduction is due to agglutination of the bacteria, which is not detected by the method of plating out. Part also may be due to the antagonistic action of different species of organisms, and it is possible that part may be due to the leucocytes in the milk. It is also possible that certain bactericidal substances may be derived from the blood, and be secreted in the milk."-Vollum, R. L., " A System of Bacteriology in Relation to Medicine," vol. iii, p. 56 (1929 [14] showed to have had one of the lowest incidences of caries among primitive races, are stated by Ploss and Bartells to have breast-fed their children for twelve years. It is of interest to note that the use of milk as an article of diet was unknown to either of these races till the introduction of European civilization.
Consideration of the effects of raw milk on the teeth indicates that physiologically a longer period of breast-feeding than is usually practised in civilized communities is necessary for ideal dental development, and that raw cow's milk is an efficient substitute for the child's natural food.
Sir Frank Colyer [15] refers to " the phenomenal rapidity with which caries has increased in the last few decades "; it is a quadruple coincidence that in that period the hand-feeding of children, the treatment of milk by heat, the consumption of sugar I and refined starchy foods, and the incidence of dental caries have all reached their peaks of incidence among civilized peoples.
It is known that carbohydrates are the only foods which readily give rise to acid on fermentation in the mouth, and that the start of caries is by decalcification of the enamel; the presence of less stable enamel, brought about by hand feeding and the treatment of milk by heat, necessarily facilitates the action of such acid as is produced by the carbohydrate fermentation.
It would seem, therefore, that the coincidence of the first three of these peaks of incidence may well be the cause of the coincident peak in the incidence of caries. This is not meant to imply that no other factors are concerned in the incidence of dental caries. The possibility that raw milk may favourably alter the environment of the teeth by its effect on the oral secretions must also be kept in mind, though at present one has no knowledge that it does so.
Whatever the reasons, the teeth of the children of Groups I, II and III, and at B, provide an interesting study, it would seem from the dietary of some of them that an attempt is being made to produce caries and that it is unsuccessful.
It may be thought that in each group of children tabulated, a long enough period has not elapsed since the eruption of the teeth for the tests to be of sufficient value, but it is common knowledge that teeth are most likely to become carious very shortly after eruption.
CONCLUSIONS CONCERNING THE TEETH.
The findings seem to show that if raw milk forms part of the diet from birth, so long as it is continued all enamel formed has some immunity to dental caries; that if it is not commenced till later, erupted but incompletely formed teeth may be similarly altered 2 though it may be to a lesser degree; it is problematical whether fully-formed teeth can be influenced, though one's original observations at B seem to imply that they may be. This seems to imply that an essential part of the immunity attained in this manner occurs in the period following the eruption of a tooth.
From the study of the boys of Table V it seems certain that if raw milk is not commenced till the third or fourth year, no protection is afforded to the deciduous teeth, though it is to the permanent teeth; so that at about the age of 8 or nine years both protected (permanent) and unprotected (deciduous) teeth may be present simultaneously. The converse may also occur if the conditions are reversed, 1 At the beginning of the eighteenth century the average amount of sugar imported int6 this country was 3 lb. per head, at the beginning of the nineteenth century it had reached 22 lb. per head, in 1928-29 the consumption had reached 101 3 lb. per head; a considerable amount of the readily fermentable monosaccharide glucose is also consumed.
2 The bulk of the enamel cannot of course be increased at this period, the finding applies only to its quiality.
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i.e., if raw milk be taken for only two and a half to three years after birth, the deciduous teeth are protected and but little, if any, protection afforded to the permanent teeth. For ideal dental development in man it seems that raw milk should form part of the daily food till the age of 14 years is reached, as, by comparison, the clinical evidence in Tahle VI seems clearly to indicate that it has effect up to that age for teeth not yet completed. One has no exact knowledge as to how long or to what extent the immunity to caries thereby produced will last, but so far I have not seen a carious tooth in a person kept consistently on raw milk from before 12 months of age, though in none of the tabulated cases has there been any restriction as to sweets or other foods. Even so, breast-feeding is of such value in widening the developing arches of the jaws, that whenever possible a child should be so fed for at least nine months. At present it is uncertain whether this procedure protects the second permanent molar, but if milk affords protection to any of the teeth it seems reasonable for it to protect all; in the only tabulated case in which raw milk was given from birth and this tooth has erupted (now aged 19A) it has done so; and in the cases tabulated in Table VI , when it was started at a later and a-physiological period, by comparison, it afforded partial protection only. If raw milk is not started till about the eighth or ninth year it seems to afford some protection to all the permanent teeth, though it is evidently not complete for the second permanent molar.
It would seem that the factors deciding whether a person shall be immune to caries are largely determined by the time the age of 7 or 8 years has been reached, because it is common clinical experience that if a person is caries-free up to that age he often remains relatively free for a prolonged period. The three caries-free children of Tables I and II are confirmatory of this. But one must realize that freedom from caries in early life may be caused in two ways: artificially, by the parental restriction or control of the refined carbohydrate intake, and physiologically, by the natural immunity attained in the manner I have described. When it is due to the former, the acquisition of pocket money and the proximity of the tuck shop very often terminate the freedom at about the twelfth or thirteenth year, but immunes do not become carious at this age.
Freedom from caries and immunity to it are, of course, very different tbings, though both may be present simultaneously in varying degree.
There seem also to be physical differences of a protective nature in teeth developed under these circumstances; deep and sharp fissures and pits appear to be absent from the occlusal surfaces and other aspects where they occasionally occur, and the cusps are less sharp and pointed; these appearances are best seen in the first permanent molars and, at their maximum, make them almost typically bunodont teeth, possibly these changed appearances are brought about by increased bulk in the enamel.
It would not be surprising if interglobular spaces were entirely absent from the dentine of such teeth, even when they are hypoplasic, though ordinarily they are practically constant in young civilized teeth.
CONSIDERATIONS BEARING ON THE THESIS.
It has been shown [161 that of 9,082 English children examined between the ages of 5 and 6 years, and of whom rather more than one-third were breast-fed, the breast-fed child had a slightly lower incidence of caries; the difference, however, was very small. There is no record as to how long breast-feeding was maintained or, what is perhaps of more importance, what the nature of the food was subsequent to its cessation.
The relative freedom of animals from caries and, more particularly, the difficulty of producing caries in them, may be partly due to their being suckled for the physiological period requisite for the efficient formation of their dental structures, but there is no doubt that the physical nature of their food is also their protection. Wild animals are wholly or partly dependent on maternal milk for their sustenance for about a quarter of their growth period. Domesticated carnivores, such as dogs, are weaned and then hand-fed from an earlier date, about two months, this being reckoned by veterinary surgeons as one-sixth of the growth period, but in the wild state the young are unable to obtain sufficient suitable food to sustain themselves independently at that age and so are partly dependent on maternal feeding for a longer period. So also with ungulates; indeed in the economics of animal husbandry, if it is desired to produce particularly fine foals or calves, as for race horses or show purposes, the period of maternal feeding is allowed to continue for ten months, or rather more than a quarter of the growth period of these animals, which is taken as three years. Commercially the period of maternal feeding of domesticated ungulates is an elastic one, its duration depending on the purpose for which the animal or its progeny is required. By comparison, the period of maternal or raw milk feeding customary with civilized peoples seems much curtailed. By comparison too with other mammals, the growth period of man is excessively long as compared with his ultimate longevity, taking this latter as the Psalmist's three score and ten years.
The actions and thoughts of other nations to whom the use of cow's milk was unknown, are of interest on this subject of maternal feeding.
The Eskimos, among whom the incidence of caries was one of the lowest known among the human race till they came into contact with civilization (only one in sixtynine of their skulls showed any incidence of caries [14] ) according to Nansen [17], who lived there in 1888, often breast-fed their children until 3 or 4 years old and, he continues," I have even heard of cases in which children of 10 or 12 continued to take the breast. A European at Godthaab told me that he had seen a dashing youth of 12 or so come home in his kaiak with his booty, rush up to his home, and there consume a biscuit, standing between his mother's knees, and drinking, from time to time, from her breast." Ploss and Bartells [13] state that the Eskimos of Smith Sound breast-feed for seven years, and those of King William Land for 14 or 15 years.
In uncivilized Greenland, if a child's mother dies and a nurse is not available, it is killed, as a rule by exposure or throwing it into the sea, as there is no alternative means of nourishment for it.' There have been centres of civilization in Greenland, certainly since 1728; till then, refined carbohydrate, either as starch or sugar, seems to have been entirely absent from their dietary; but, being a scattered and nomadic race, and occupying (to us) an inhospitable terrain, civilization has spread relatively slowly, especially along the eastern coast.
The Japanese, among whom, till sixty years ago [18] , the use of milk as an article of diet was unknown (though there are references that they did so use it for a period terminating at the beginning of the fourteenth century) have a proverb: " one sho (1 8 litres) mother's milk is worth 3,770 measures of linen, 23,000 bundles of rice straw and more than 10,850 bushels of rice." I am unable at present to obtain information of their incidence of caries either as children or adults prior to the introduction of Western civilization; according to Ploss and Bartells [13] , they breast-fed their children for three to five and ten years, and Ashmead [19] states that " the children are suckled until the sixth year," so if the inferences drawn from the clinical facts presented are correct, their incidence should not, by virtue of their proverb and practice, be a high one. Their diet, of course, is very different from that of the Eskimos. Rickets also is said to be practically non-existent among them.
African races, generally speaking, breast-feed their children for from two and a half to three years, so, if this hypothesis is correct should have the deciduous teeth immune to caries, but not the permanent teeth; I am informed by H. Stobie, who has experience with such Kaffir and Zulu children, that he has never seen caries in their deciduous teeth, but only in their permanent teeth, and notably in the first permanent molars. The incidence of caries in the permanent teeth would seem therefore to be entirely dependent on the physical nature of their foods and the presence or absence of refined fermentable carbohydrate in their dietary. It is possible that the time that elapses between milking and the delivery of milk to the consumer may allow changes to take place, produced possibly by bacterial growth or effect, or by other means, such as may lessen its nutritive or growth efficiency; one has no knowledge that it does so, but as already mentioned, physiologically, milk passes direct from donor to recipient at body temperature.
The foregoing does not at all alter one's conception of the causes of dental caries, but urges the probability that the composition and form of some human enamels make them more resistant to the onset of caries than others, and statistically shows evidence that this increased resistance can be caused in the manner stated.
It is usual to consider that all calcified tissues are influenced in a similar manner by the same food substances, but there are factors which indicate that this is not entirely so: for instance, the major portion of enamel calcification occurs during the first twelve years of life, and intensively at that period when raw milk is a physiological food, whereas bones increase in size and density mainly when the individual exercises choice in the foods eaten, and milk is no longer a physiological food. This would seem to imply that the vitamin balance and other constituents of raw milk have a special significance with reference to enamel and tooth calcification, but that bones should react rather to such accessory food factors as are obtained from foods selected by the individual and by extraneous means such as exposure to ultra-violet rays. The words of F. William Fox concerning rickets, already quoted, have a confirmatory bearing on this.
It is a fact that the nourishment of young by milk is almost entirely confined to those vertebrates (chiefly diphyodont) in which one set of teeth has to last most of the animal's life; vertebrates having polyphyodont dentitions, in which each tooth is functional for a relatively brief period only, find their food independently from birth or hatching. There are, however, exceptions, as a few mammals are functionally or entirely edentulous, though these are mostly looked on as being evolutionarily retrograde; and among reDtiles one Order' (which however only comprises one species) and one Sub-order2 are monophyodont.
Among living vertebrates, teeth with " closed " apices (as in man) or of continuous growth are entirely confined to mammals, though some teeth of the piscine Family Sphyraena certainly have a tendency towards closed apices, their dentine structure3 is however, with one exception, unlike that of any in the whole mammalian class.
Of interest also are the conditions in such primitive mammals as the Monotremata, the few varieties of which possess no nipples or teats, the milk glaDds opening by a number of smrrall pores in a cup-like depression in the skin of the abdomen, from which, presumably, the young lick the secretion; coincident with these rudimentary mammalian attributes, one Family of these animals is edentulous and the other possesses teeth only when young; members of this latter triturate their food with horny plates, which are developed immediately beneath the sites once occupied by the teeth, throughout the greater portion of their lives.
CONCERNING LYMPHOID TISSUE.
The effect of raw milk on the teeth led to inquiry concerning the incidence of such other abnormalities of childhood as adenoids and enlarged tonsils in these children, and the incidence of these diseases is of interest and, it may be, of importance. In the 40 children (Table III) who commenced raw milk at the average age of 4' months, two only (5 per cent.) had required the tonsil and adenoid operation; of the 33 children (Table IV) who commenced raw milk at the average age of 11-9 years, 10 (30 per cent.) had had the operation performed. This lesser incidence in those commencing raw milk at the earlier age, is of interest when one considers the large percentage among all of these children who were subnormal on admission; one has no information of the manner of feeding of any of them prior to this date or whether they had any breast feeding at all; but in view of the nature of their subnormalities, which were in some cases serious, it is almost certain that their feeding prior to admission was bad.
On this account it is impossible to estimate what the incidence of need for this operation might have been if raw milk had not come into their diet scale, as one knows of no groups of similar children with which to compare them, but the ordinary incidence of the operation at A, among all children admitted, from ages 2 to 6 years, over three consecutive years was approximately 24 % (133 operations in 564 children).
The possibility suggests itself that the incidence of need for this operation might be reduced to a minimum in children kept from birth on this physiological food and/or its efficient substitute, as, from its early age incidence, it is obviously caused by factors acting during this earliest period of life. It even suggests that there may be some relation between the incidences of enlarged tonsils and carious teeth, and that, for instance, a child brought up on raw milk should have neither; if it were not commenced till 12 to 18 months old, it may get enlarged tonsils but should have good teeth; and if not having it till 3 or 4 years old, or at all, it would probably have both, though at the former age caries should be confined to the deciduous teeth; the figures quoted, however, are far too small to hypothesize on to such extent with any degree of accuracy. CONCLUSION The facts recorded concern the effects of raw milk. I am not aware of any comparable body of children who have been similarly brought up on sterilized or pasteurized milk, and so have no exact knowledge whether effects comparable with those recorded might be brought about by such means, but such evidence as is available and inference, indicate rather that they would not be. Unless due care is taken there are risks in taking raw milk, and as things are at present, only such milk as " Certified " or " Grade A (Tuberculin Tested )" 1 should be so used.
Different authorities give the incidence of tuberculous disease in milch cows [20] as 40 %, adding that the real proportion is probably considerably higher; and in adult stalled animals [21] as from about 30 to 70 or 80 or even to 100 %. Comparatively few of these animals, however, yield tuberculous milk, but as the disease is progressive they are all potential yielders of it should they live long enough. Not more than about 2 % of all milch cows in this counitry are believed to yield tuberculous milk.
It is practically certain that the great majority of human infections with bovine tubercle are conveyed by means of cow's milk, usually during childhood; such infections, however, very rarely, if ever, produce pulmonary tuberculosis, and do not endanger life to anything like the same extent as do infections with the human type of organism, against which they are regarded as being protective.
Many people are under the impression that, because they have provided "Certified " or "Grade A (T.T.) " milk for the purpose, their children have been brought up on raw milk, whereas the facts are frequently otherwise. In the preparation of infant foods when the child is weaned, the instructions for preparation are usually, if not always, that the milk (or water in the case of a milk food) should be added when boiling this, of course, defeats the real object aimed at in the provision of high grade raw milks, and such children would, more likely than not, have carious teeth.
Of a total of ten proprietary infant foods in use in the children's wards of a large London Hospital, instructions on nine of them are that they should be made up with boiling water or boiling milk, the tenth was a dried milk food to be made up with boiled (but cooled) water. " Certified" and " Grade A " milks when used in these wards are also boiled for ten minutes.
It is extremely difficult to get a really accurate history as to a child's early milk feeding in any private home, and the most reliable private home test is when children have had raw milk to drink cold daily since they were four years old, and the effects on the permanent teeth are noted, though the maximum effects on the first permanent molars, with regard to shape, will not be seen even then.
Obviously, physiological principles must be one's guide, and these indicate that milk should at no time be raised above body temperature. Obviously also, the child's diet should otherwise be well balanced, and fruits, also raw, included at an early age. A comparison with Tables I and II will show definitely however, that raw milk is the essential factor, as otherwise the diets of all children tabulated over five years old have been very similar.
I have no knowledge what importance attaches to the freshness of the raw milk taken, but about 90% of the children quoted use it within twenty-four hours of its being obtained from the cow.
One fact which emerges conclusively from this investigation is that well-formed teeth, having apparently a considerable degree of immunity to dental caries, though this immunity is at present of unknown limits, may be developed entirely independently of ante-natal care; though ante-natal care, in addition, should make them even better.
Discu8sion.-Mr. E. B. DoWSETT (President) said that he had always been interested in the subject of breast feeding and the incidence of caries, and his personal observations confirmed those of Mr. Sprawson. He had pointed out that the teeth of children fed on cod-liver oil and pasteurized milk and exposed to sunshine were more carious than those shown to have had raw milk. In a recently published work' the teeth of children who had suffered from rickets were compared with those of a control group, of similar age and social class, who had not, and it was found that hypoplasia of the permanent teeth was almost confined to the rachitic group, in spite of the fact that the amount of caries in the permanent teeth appeared only slightly greater in the rachitic group than among the controls, and the difference was such that it could not be held to indicate that vitamin D deficiency in early childhood was an important factor in determining the development of caries. The amount of caries of the temporary teeth was about the same in the rachitic and control groups. In the Journal of the American Dental A8sociation, investigations carried out by what was termed the Michigan group of scientists, were reported on much the same lines as those of Mr. Sprawson. Children in orphanages, fed on raw milk, green vegetables and fresh fruit, had shown infinitely less caries than those not so fed, but no claim had been made that it was raw milk alone that had produced the results they had attained.
Mr. J. LEWIN PAYNE said that Mr. Sprawson had stressed the importance of the quality of the milk as well as that of its freshness. The coincidence of rickets and defective structure of the teeth was well known, and the work of Miss Ethel Luce, at the Lister Institute, might be quoted in this connection. It had been found that when a cow was fed on dry fodder and kept in a dark stall for six months the growth-promoting and antirachitic properties of the milk were poor; when the cow was fed on fresh green fodder in a dark stall for two months the growth-promoting effect was good but the antirachitic effect was poor. On dry fodder, out of doors in the sun, the growth-promoting properties were poor and the antirachitic moderate.
On the other hand, when the cow was out on pasture after three months both were good, and it was estimated that the " good " milk had about four times the activity of the " poor." It would appear that the growth-promoting factor in milk depended mainly on the diet, whilst the antirachitic factor was determined partly by the diet and partly by the amount of light to which the cow is exposed. These factors might have an important bearing upon the building up of a normal structure in teeth.
* EThe quality of the milk might well influence immunity to dental disease not only as an important factor in building up the structure of teeth but also because through its agency the secretions of the mouth might be maintained in normal activity and thus the environment of the teeth be kept healthy.
Normal nutrition, normal occlusion and normal mouth hygiene were the important factors in the prevention of dental disease, and to some extent, at all events, these factors were inter-related.
Mr. A. T. PITTS said that he had gathered that raw milk, as opposed to pasteurized milk, conferred an immunity or freedom from dental caries. He believed that pasteurized milk had been held not to affect the vitamin D content. A point of some significance was that the children referred to by Mr. Sprawson lived under institutional conditions, involving a diet routine not found in the average household. It would strengthen his conclusions considerably if the same conditions were found to apply to children living in private homes. Experience had shown that the period of suckling in the hospital class was longer than in the middle or upper classes.
Mr. GEORGFE NORTHCROFT said that about twenty years ago "Certified " milk was -brought into use under the regis of the National Clean Milk Society. All three of his own children were breast-fed for nine months, and thereafter had " Certified " milk-but all had caries. He did not think Mr. Sprawson had quite proved his point that raw milk was necessarily an efficient antidote to caries.
Mr. SPRAWSON (in reply) said that, omitting three exceptional cases, having found a coincidence which worked out 100 per cent., not only for one, but for all teeth erupted subsequent to raw milk being started before the age of 6 years, he had considered it a matter which should be brought to the notice of the Section. So far, knowledge of the vitamins and their nature was very limited. He agreed with Mr. Lewin Payne that there was little doubt that the vitamin quality of milk varied considerably according to the feeding of the cow-whether it was stall-fed or pasture-fed. The main groups of the children concerned in the investigation lived in the country, and it was presumed that the quality of the milk provided for them was satisfactory. In reply to Mr. Pitts, vitamin D was believed to be unchanged either by pasteurization or by boiling. Vitamin C, it was known, was destroyed by boiling and was altered by pasteurization. He did not imagine that the ideal calcification of teeth depended entirely upon one vitamin. As to breast feeding of children in this country, it was probable that the average poor mother who suckled her child could often be compared with the stall-fed animal referred to by Mr. Lewin Payne. Mr. Northcroft's remarks were difficult to assess for comparison with the cases quoted, because " Certified " milk was often not used in the raw state in the household, and it was of raw milk that he had recorded observations; so far as he knew, Government " Certified " milk, as understood now, had only been in existence since 1923. Up to the present he had not met any carious teeth in children who had been brought up on raw milk. As Mr. Lewin Payne had stated, the quality of " Certified " milk might vary very greatly, and so constitute an important factor in the results obtained.
